Top carnivores have suffered widespread global declines, with welldocumented effects on mesopredators and herbivores. We know less about how carnivores affect ecosystems through scavenging. Tasmania's top carnivore, the Tasmanian devil (Sarcophilus harrisii), has suffered severe disease-induced population declines, providing a natural experiment on the role of scavenging in structuring communities. Using remote cameras and experimentally placed carcasses, we show that mesopredators consume more carrion in areas where devils have declined. Carcass consumption by the two native mesopredators was best predicted by competition for carrion, whereas consumption by the invasive mesopredator, the feral cat (Felis catus), was better predicted by the landscape-level abundance of devils, suggesting a relaxed landscape of fear where devils are suppressed. Reduced discovery of carcasses by devils was balanced by the increased discovery by mesopredators. Nonetheless, carcasses persisted approximately 2.6-fold longer where devils have declined, highlighting their importance for rapid carrion removal. The major beneficiary of increased carrion availability was the forest raven (Corvus tasmanicus). Population trends of ravens increased 2.2-fold from 1998 to 2017, the period of devil decline, but this increase occurred Tasmania-wide, making the cause unclear. This case study provides a little-studied potential mechanism for mesopredator release, with broad relevance to the vast areas of the world that have suffered carnivore declines.
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Top carnivores have suffered widespread global declines, with welldocumented effects on mesopredators and herbivores. We know less about how carnivores affect ecosystems through scavenging. Tasmania's top carnivore, the Tasmanian devil (Sarcophilus harrisii), has suffered severe disease-induced population declines, providing a natural experiment on the role of scavenging in structuring communities. Using remote cameras and experimentally placed carcasses, we show that mesopredators consume more carrion in areas where devils have declined. Carcass consumption by the two native mesopredators was best predicted by competition for carrion, whereas consumption by the invasive mesopredator, the feral cat (Felis catus), was better predicted by the landscape-level abundance of devils, suggesting a relaxed landscape of fear where devils are suppressed. Reduced discovery of carcasses by devils was balanced by the increased discovery by mesopredators. Nonetheless, carcasses persisted approximately 2.6-fold longer where devils have declined, highlighting their importance for rapid carrion removal. The major beneficiary of increased carrion availability was the forest raven (Corvus tasmanicus). Population trends of ravens increased 2.2-fold from 1998 to 2017, the period of devil decline, but this increase occurred Tasmania-wide, making the cause unclear. This case study provides a little-studied potential mechanism for mesopredator release, with broad relevance to the vast areas of the world that have suffered carnivore declines.
Introduction
Scavenging is an important ecological function that stabilizes trophic dynamics in complex communities, affecting species assemblages and ecosystem function [1] [2] [3] . Carrion is abundant and ubiquitous, and in some ecosystems, most large animals die from causes other than predation [4] [5] [6] . Because of its high nutritional quality, there is intense competition for carrion among microbial decomposers, and invertebrate and vertebrate scavengers [7, 8] . Almost all carnivores are facultative scavengers, although obligate scavengers such as vultures are few, and vertebrates consume the majority of carrion globally [5] .
Top-carnivore populations have suffered widespread global declines, often causing cascading effects throughout food webs [9] . These cascades can affect herbivores and vegetation [9, 10] and can trigger mesopredator release, sometimes resulting in the extinction of smaller prey species [11] [12] [13] . Some obligate scavengers, too, have declined severely, such as the staggering decline of vultures (Gyps spp.) across much of Africa and Asia [14, 15] . Although some ecological effects of top predators are well established, we know less about how carnivores affect & 2018 The Author(s) Published by the Royal Society. All rights reserved.
communities through scavenging, which can include facilitative or competitive relationships [16] [17] [18] .
Scavengers provide very important, yet little-studied ecosystem services by removing carrion [19] . Accordingly, scavenger declines may have major ramifications for humans and ecosystems [20] . For example, severe vulture declines in India increased carrion availability, which was implicated in an increase of seven million feral dogs (Canis lupus familiaris) and an increase in human deaths from rabies [21] . Carcasses can act as pools and vectors of disease, such as the bacterium Clostridium botulinum, which has caused several mass avian mortality events totalling greater than 20 000 birds from over 50 species [22] .
Large-scale (i.e. tens of thousands of square kilometres) manipulations of carnivore densities are rare. However, a natural experiment is currently unfolding in Tasmania, Australia. Tasmania's largest carnivore and dominant scavenger, the Tasmanian devil (Sarcophilus harrisii; hereafter 'devil'), is a facultative but specialized scavenger with morphological adaptations, such as highly robust teeth and massive jaw musculature for processing the hard parts of carcasses [23] . Devils have declined severely under the impact of a transmissible cancer, devil facial tumour disease (DFTD) [24, 25] . DFTD was first detected in 1996 in northeast Tasmania and has subsequently spread across approximately 80% of the devil's range [26] . Local populations of devils decline by as much as 95% once the disease has been present for more than 5 years [27] . The progressive spatial spread of DFTD over a 20-year period has created a gradient of local devil populations in different stages of decline, providing a unique opportunity to study the ecological role of a dominant scavenger.
Increased carrion consumption by mesopredators is a largely unstudied potential mechanism for mesopredator release, a major threat to smaller wildlife [13] . Tasmania has three widely distributed mesopredators: the native spotted-tailed quoll (Dasyurus maculatus; hereafter 'quoll'), native forest raven (Corvus tasmanicus; hereafter 'raven') and the invasive feral cat (Felis catus). Scavenging by cats is of particular interest because cats are implicated in almost all of Australia's approximately 29 mammal extinctions, representing 35% of global mammal extinctions since 1500 [28] .
However, cats have caused no confirmed extinctions in Tasmania. The forest raven is an abundant avian predator and scavenger that occurs in all landscape types in Tasmania. Corvids are significant nest predators and populations have increased worldwide in response to anthropogenic landscape change [14, 29] . Ravens are a major consumer of carrion and are a ubiquitous sight feeding on road-kill in Tasmania.
Here, by integrating the foraging durations of the main scavenging species into a structural equation model, we report, to our knowledge, the most detailed evidence to date that the decline of a top carnivore and dominant specialized scavenger can have cascading effects on community-wide carrion consumption at a regional scale. We experimentally deployed 96 carcasses at sites spanning the disease-caused gradient of devil density and used camera traps to record the foraging durations of vertebrate scavengers. We investigate the effects of devil population declines on: (i) carcass discovery and persistence, (ii) carcass consumption by mesopredators, two native and one invasive, and (iii) long-term population trends in an abundant mesopredator, the forest raven.
Material and methods (a) Study sites
We separated Tasmania into two regions based on the timing of DFTD arrival: a healthy region in the northwest, where DFTD had not caused population declines, and a diseased region, where DFTD arrived 3-19 years prior (figure 1). We selected 12 study sites (coordinates in electronic supplementary material, figure S1) across the two regions. To select sites with varying times since disease outbreak and because DFTD occupies approximately 80% of Tasmania [26] , sites were unequally distributed between the two regions, with five in the healthy region and seven in the diseased region. Six sites were in wet eucalypt/rainforest habitat and six in dry eucalypt/coastal scrub habitat, encompassing Tasmania's major habitat types. We restricted sites to northern Tasmania to avoid the north-south temperature gradient and ensured environmental comparability by selecting sites within similar average annual rainfall (dry: 650-1100 mm, wet: 1200-2000 mm; Bureau of Meteorology GIS layer), elevation (dry: less than 400 m, wet: less than 800 m) and temperature (mean maximum temperature for August: 10-148C) ranges. We only considered potential study sites larger than 25 km 2 in Parks and Wildlife reserves or State Forests, the areas of Tasmania where human influence is minimal i.e. mostly unsealed roads with low traffic, and no hunting, grazing or recent logging. All sites had a Global Human Footprint Index value of less than 20%, demonstrating relatively low and similar anthropogenic influence [30] .
(b) Devil activity
We conducted remote-camera surveys to estimate devil activity. At each site, we deployed 20 or 21 remote cameras, approximately 1 km apart, for greater than 21 nights in September-December 2015, totalling 5654 successful monitoring nights (electronic supplementary material, figure S1 details method). We treated devil detections as unique if greater than 30 min separated the next detection, unless individuals were distinguishable by unique pelage markings. Total camera effort varied slightly among sites, so we pooled devil detections for each study site and calculated devil activity as devil detections per 100 camera nights.
(c) Carcass use (i) Scavenging experiment
We experimentally deployed eight whole Tasmanian pademelon carcasses (Thylogale billardierii; 1.5-8 kg) at each study site in August-September 2016, totalling 96 carcasses. Tasmanian pademelon are the most widely distributed medium-sized herbivore in Tasmania and the most common prey species for devils [31] . Carcasses were deployed in winter to minimize invertebrate consumption. Carcasses were simultaneously deployed within each study site at locations randomly selected from the camera locations used in the survey for devil activity (minimum distance between carcasses approximately 1 km; electronic supplementary material, figure S1 details method). Cameras were deployed for more than 21 days after which we expected the edible flesh of the carcasses would be fully consumed. We identified the start and end of all foraging events and calculated the foraging duration in minutes for each species at each carcass.
(ii) Analysis of carcass discovery and persistence
To investigate carcass discovery and persistence, we performed survival analyses, using a mixed-effects Cox proportional hazards model (library 'coxme' in R v. 3.3.0), on data for the time taken for carcass discovery (hours) and complete consumption (days). We ran four separate analyses investigating how long carcass discovery took for (i) any vertebrate, (ii) devils, (iii) quolls, and (iv) ravens, given a carcass was still available to be discovered. We did not analyse carcass discovery by cats because they discovered too few carcasses for survival analysis. We defined discovery as the first time a species of interest located and fed on a carcass. We defined a carcass as fully consumed when a final foraging event clearly consumed all of the remaining carcass, or as the 95th percentile foraging event when foraging activity dragged out for many days, given the carcass appeared to be more than 95% consumed. This removed short final foraging events that consumed very little, such as ravens pecking at a small amount of skin.
Survival analysis is well-suited to censored data [32] . Discovery data were right censored because not all carcasses were discovered by each species of interest before complete carcass consumption. Persistence data were right censored because some memory cards filled up before the carcass was fully consumed (n ¼ 9), and some carcasses were prematurely removed from the view of the camera (n ¼ 9). One carcass was excluded because the camera returned no images.
For the Cox models, we used all combinations of four predictor variables: (i) a continuous variable for years since DFTD onset (years diseased); (ii) habitat type (habitat); (iii) devil detections per 100 camera nights from the initial camera survey (devil activity); and (iv) initial carcass weight (carcass weight). We grouped the eight carcass replicates at each site as a random factor to account for their non-independence. All predictors had a Pearson's correlation coefficient r , 0.6. Models were selected based on Akaike's information criterion corrected for small sample size (AICc) weights. For visualization, we separated sites into the two disease regions ( figure 1 ) and presented the Kaplan-Meier estimates of the survival function and the log-rank test comparing the two survival curves (libraries 'survival' and 'survminer' in R v. 3.3.0).
(iii) Analysis of carcass consumption
We used piecewise structural equation modelling (SEM) to investigate the cascading effects of DFTD on carcass consumption among the main scavengers. We sought to test the hypothesis that devil declines allow other species to consume more carrion, and to elucidate the mechanisms that cause differences in carrion consumption. In contrast to classical SEM, which estimates parameter values globally, piecewise SEM calculates local estimates for each response variable using individual regressions that correspond to a single causal network [33, 34] . This enables the use of mixed models to accommodate nested data and allows fitting of a wide range of distributions [33] .
We developed the a priori SEM based on our knowledge of the trophic relationships between devils and the three mesopredators: ravens, quolls and cats (electronic supplementary material, figure  S2 for justification of the SEM structure). We modelled five response variables: (i) devil activity (from the initial camera survey), (ii) devil foraging duration, (iii) raven foraging duration, (iv) quoll foraging duration, and (v) cat foraging as a binary variable. We additionally included habitat type, years diseased and initial carcass weight as covariates (electronic supplementary material, table S1 for variable descriptions). The ratio of total samples to the number of variables was 11.25, above the recommended five [35] . Six carcasses were omitted, leaving 90 for the analysis of carcass consumption; three because they were removed from the view of the camera with more than 50% remaining, two because the camera failed to pick up foraging events reliably, and one because the camera failed. Although black rats (Rattus rattus) were observed at 12 carcasses, and they might be frequent consumers of carrion, we excluded them from the analysis because the cameras were unreliable in detecting their movements.
To construct the SEM, we first separately fitted the individual regressions that comprise the SEM (electronic supplementary material, table S2 for model structures). We used generalized linear mixed-effects models (GLMM) to model each species' carcass use and included 'site' as a random factor because carcasses were nested within site. Foraging data for all species followed a gamma distribution and were zero-inflated, suggesting a twoprocess mechanism for data generation: first, a binary process of carcass discovery by a species, and second, how much a species consumed if it located a carcass. To mirror these two processes, we used hurdle models, which first modelled whether a species fed at a carcass (GLMM with binomial distribution), and then modelled how long a species fed for the non-zero data (GLMM with gamma distribution). This follows recommendations that zero-inflated data may suggest a two-process mechanism involved in generating the data, in which case one may wish to use local specifications within an SEM framework to match the situation [34] . Sparse data precluded the second stage of modelling for cats. Models were fitted using the 'lme4' package in R. We visually assessed model predicted values versus residuals to verify that the individual models met their necessary assumptions.
We used the 'piecewiseSEM' R package [33] to derive the claims of conditional independence, from which we calculated the overall fit of the SEM using Shipley's test of d-separation [36] . This tests the assumption that all variables are conditionally independent, which implies there are no missing relationships rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181582 among unconnected variables [33] . The hypothesized relationships were considered consistent with the data when Fisher's C had p . 0.05, meaning the SEM represents the data well and there are no missing relationships.
We calculated standardized path coefficients using the 'relevant range' method [37] . This involved varying a predictor from its minimum to maximum, while holding all other predictors at their mean, and calculating the change in the response variable as a proportion of its range. We presented parameters that were statistically significant at a ¼ 0.05, and calculated the marginal R 2 for each response variable ( [38] ; 'MuMIn' package in R).
(d) Forest raven population trends
To investigate changes in raven populations over the last two decades, we analysed forest raven (Corvus tasmanicus) presenceabsence records from the BirdLife Australia database. We used data from 20 min 2 ha standardized surveys that record all species sighted ( [39] for the survey method). We used surveys from 1998 to 2017 (data extracted 14 November 2017), and only used sites in northern Tasmania to align with our study sites. We excluded records within 2 km of towns, resulting in a final dataset of 1932 surveys. We fitted GLMMs (binomial distribution) to investigate whether the reporting rate of ravens was associated with devil declines. Some sites were surveyed numerous times while most were surveyed once in an ad-hoc fashion. We first accounted for environmental conditions that differed among sites and years because preliminary analysis and previous research [40] showed environmental associations with raven presence -absence. Therefore, we held a suite of environmental covariates constant in all models (details in the electronic supplementary material, table S3) and then tested the additional predictive ability of adding temporal variables: 'years diseased'; 'survey year' to investigate temporal changes that are unrelated to devil declines; and an interaction between 'DFTD region' and 'survey year' to test whether temporal changes in raven detections differed regionally.
Preliminary analysis indicated spatial autocorrelation in the residuals, which we accounted for by grouping sites into grid cells (0.38 Â 0.38; electronic supplementary material, figure S3 ) that were included as a random effect. To aid model convergence, all continuous variables were scaled by subtracting the mean and dividing by the standard deviation. We ran seven models (electronic supplementary material, table S7), which were ranked based on AICc weights. We visually assessed plots of binned model residuals against predicted values to verify the final model met the necessary assumptions.
Results
(a) Disease-induced devil population declines DFTD has caused substantial population declines at most diseased study sites. The survey for devil activity detected 439 unique devil visitations in 5654 camera nights, and the number of detections was negatively associated with the time since DFTD arrival at a site ( figure 1; b 
Devil activity appeared to decline rapidly after a disease outbreak, and then level out, confirming patterns already extensively documented [24, 25, 27] . On average, healthy sites had 3.3-fold more devil detections than diseased sites (figure 1).
(b) Carcass discovery and persistence
Devil declines had significant cascading effects on rates of carcass discovery and persistence. Carcasses persisted approximately 2.6-fold longer in the diseased region (figure 2), and 'years diseased' had a relative parameter importance of 96% (electronic supplementary material, table S4). The best model estimated a 3.1-fold increase in the odds of a carcass persisting in the environment when comparing the longestdiseased sites with those that are disease-free, holding all other predictors constant. Devils found carcasses much more slowly at diseased study sites (figure 3), with 'devil activity' significantly and positively associated with carcass discovery (relative importance of parameter 79%; electronic supplementary material, table S4). The inverse was apparent for ravens and quolls, which found carcasses sooner at diseased sites (figure 3) and had a significant negative association with 'devil activity' (relative importance of parameter 73% and 72% respectively; electronic supplementary material, table S4). When all vertebrates were pooled, there was no difference in discovery rates between the disease regions (figure 3), and 'devil activity' and 'years diseased' were not important predictors of carcass discovery (electronic supplementary material, table S4).
(c) Carcass consumption
Camera traps recorded 13 species (electronic supplementary material, table S5) feeding on the experimentally placed carcasses from 492 463 photos, totalling 651 h of foraging. Shipley's [36] test of d-separation indicated the SEM had no missing paths and the model is a good fit to the data (Fisher's C ¼ 4.50, p ¼ 0.81).
DFTD had cascading effects on carrion consumption by the four most common scavengers. Devils were the major scavenger in the healthy region, averaging approximately 80% of total foraging time, compared to less than 30% in the diseased region (figure 4). The inverse relationship was apparent for the next three most common scavengers: ravens, quolls and cats, which all foraged more in the diseased region (figure 4). The final SEM (figure 5) demonstrated that disease duration had a negative effect on devil activity (b ¼ 20.39, all coefficients are standardized), and devil activity (a proxy for abundance) had a positive effect on the odds of a devil feeding As a proportion of total foraging time, ravens fed about four-fold longer on average in the diseased region, the greatest increase of all species (figure 4). The hurdle model revealed that carcass consumption by devils had a strong negative effect on the odds of a raven feeding at a carcass (b ¼ 20.84) and the duration that ravens fed following carcass discovery (b ¼ 20.31; figure 5 ). The odds of a raven feeding at a carcass were 6.3-fold greater in dry habitat, where they are thought to be at higher densities, than in wet habitat.
Quolls fed about four-fold longer in the diseased region than in the healthy region (figure 4), as a proportion of total foraging time. Carcass consumption by devils had a negative effect on the odds of a quoll feeding at a carcass (b ¼ 20.57); however, once a quoll started to feed on a carcass (i.e. for the non-zero foraging times), there was no statistically significant relationship with devil carcass consumption (figure 5). Instead, years since DFTD onset was a better predictor of how long quolls fed if they located and commenced feeding on a carcass (b ¼ 0.56). Cats showed a different type of negative relationship with devils. In contrast to the native mesopredators, devil activitya proxy for devil population density-was the only significant predictor of whether a cat fed on a carcass (b ¼ 20.29; figure 5 ). This was largely because cats foraged most frequently on carcasses (50% of carcasses) at the study site with the smallest devil population, suggesting that cats avoid feeding on carcasses when they are likely to encounter a devil.
(d) Forest raven population trends
Ravens were reported in 48% of 1932 long-term bird surveys, the highest reporting rate of any species, reflecting their broad distribution [41] . The best-supported GLMM estimated a 2.2-fold state-wide increase in the odds of sighting a raven for the period 1998-2017 (the model containing 'survey year' carried 79% of model weights; electronic supplementary material, table S7). There was no evidence, however, that this increasing trend differed with DFTD region; models 3 and 4 allowed the effect of 'survey year' to vary by 'DFTD region', and each model carried only 6% weight (electronic supplementary material, table S7).
Discussion
We exploit a rare natural experiment involving the severe, almost range-wide population decline of a top predator and specialized scavenger. This revealed regional-scale, community-level changes in carrion consumption and decelerated carrion cycling. Our novel approach to model the scavenger community as a network of competing species, represented by a structural equation model, shows that top-down control by devils occurs through different pathways for the native species (quolls and ravens), which have a long co-evolutionary history, compared with the invasive species (cats). The increase in scavenging by cats-which pose a key extinction threat for small mammals [28] -presents a previously undemonstrated mechanism for competitive release of cats. Restoring the population density of devils could therefore be a potential tool for managing the impacts of feral cats on native prey.
(a) Carcass use and carrion cycling
Although the generalist mesopredators increased their consumption and discovery of carcasses, they were unable to match the devil's ability to rapidly consume carrion, with carcasses persisting approximately 2.6-fold longer in the diseased region. This is unsurprising because devils are highly adapted scavengers [23, 42] that are competitively and ecologically dominant in the Tasmanian carnivore community [43] . In other systems, facultative scavengers are also unable to functionally replace a dominant scavenger species that has declined or been experimentally excluded. In Kenya, although mammal species richness nearly tripled at carcasses without vultures, carcasses persisted nearly three times longer [44] . Exclusion of vultures from carcasses in South Carolina, USA, resulted in a 10-fold increase in carcasses not fully scavenged [45] , and full consumption of ungulate carcasses took two to four times longer in an area of Spain without vultures, compared with a neighbouring area with vultures [46] . On sandy beaches, increased scavenging by corvids, dogs and foxes did not functionally replace the dominant scavenger group, raptors [47] . The experimental removal of racoons from an agricultural landscape in Indiana, USA, at a local scale of about 7 ha (range 2.46-16.32 ha) caused an increase in scavenging by opossums, but this did not compensate for the removal of racoons [48] . Some previous studies of the community-wide effects of dominant scavengers used experimental exclusion from carcasses at relatively small spatial and temporal scales [44, 45, 48] . However, experimental exclusion may not reflect actual population declines, because the short temporal scale does not allow mesopredator abundance to increase in response and therefore may obscure the potential for functional replacement by mesopredators. Our study, however, was conducted over large spatial scales (65 000 km 2 island of Tasmania) and investigated devil populations that have been suppressed for approximately 20 years, allowing ample time for mesopredator populations to fill the scavenging void should they have the capacity to do so. Nevertheless, we arrive at the same conclusion as smaller-scale studies: sub-dominant scavengers seem unable to functionally replace dominant scavengers. Globally, there is a trend towards generalist species replacing specialist species-a 'functional homogenization' of biodiversity-and our work supports the broader assertion that declines of specialized species can severely reduce ecosystem functioning [49, 50] . Vertebrates are the most rapid consumers of carrion [2, 3, 5] and global declines of large carnivores and dominant scavengers implies a widespread reduced capacity for carrion cycling [9] . Carcasses can act as pools and vectors for disease agents that affect humans, livestock and wildlife [14] . Prolonged carcass persistence may increase the risk of colonization by disease-causing bacteria and facilitate transmission to wildlife and would probably increase consumption by microbes and invertebrates, potentially leading to localized terrestrial eutrophication [14] .
The native and introduced carnivores had contrasting pathways in the SEM, potentially a result of their different evolutionary histories. Carcass consumption by devils best predicted carcass consumption by ravens and quolls, implying that direct competition for carrion is the major mechanism leading to the observed differences. Competition with quolls could involve both interference competition from the presence of a devil at a carcass and exploitation competition arising from a greater quantity of consumption by devils [43, 51] . Ravens and devils, however, compete solely through access to food (i.e. exploitation competition), because devils are almost always nocturnal, and ravens are strictly diurnal.
The increase in carcass consumption by quolls accords with a state-wide analysis of quoll diet. In eastern Tasmania, where devil decline was most severe, quoll scats contained a greater proportion of large mammals and fewer small mammals and invertebrates than elsewhere in the state, suggesting that a competitive release may have allowed quolls to increase their scavenging of large animals [31] . Our results here provide compelling evidence that quolls have increased their consumption of carrion, a likely explanation for the greater presence of large mammals in quoll diet in the long-diseased northeast.
In contrast to the native mesopredators, carrion consumption by the invasive feral cat was better predicted by devil activity, a proxy for devil abundance at the landscape-scale. This suggests that devils at high densities create a landscape of fear, possibly causing avoidance or risk-averse behaviour by cats. Avoidance of devils or cryptic behaviour could have a fitness cost for cats by reducing access to resources, such as carrion. Avoidance behaviour is supported by two previous studies, which showed devils alter the detectability of cats, which were detected less frequently at individual camera stations visited by devils, even in areas where devils are at naturally low densities [52] and where devils have been at disease-induced low density for a decade [53] . The increase in scavenging by cats in areas where devil decline is most severe potentially reflects a relaxation of risk-sensitive behaviour, similar to the relaxation of risk-sensitive behaviour in the brushtail possum (Trichosurus vulpecula), a major prey species for devils [54] . Elsewhere, the attraction of predators to carcasses can create islands of perceived risk for prey by increasing the likelihood of predator-prey encounters [55, 56] , and this may be the case for mesopredators too.
(b) Population trends in the forest raven
Ravens are the major beneficiary of increased carrion availability (based on the greatest increase in foraging duration), and analysis of long-term bird surveys revealed a 2.2-fold increase in the odds of detecting a raven from 1998 to 2017. This population trend, however, also occurred in the diseasefree region, suggesting that drivers other than devil declines may have a stronger influence. Although we were unable to directly link trends in the raven population to devil declines, we caution against conclusively interpreting this to mean that devil declines have not influenced raven abundance. Multiple factors may concurrently drive the increasing trend in ravens. Ravens form large non-breeding flocks outside of territorial pairs and breeding season [57] , and it is also possible that movements/dispersal have prevented a clear signal relating to changes in the devil population. The relatively small amount of pre-DFTD data (early region ¼ approximately 1 year, mid region ¼ 2-6 years, late region ¼ 6-9 years), and the presence-absence rather than abundance data, may make detecting a subtle response unlikely. Monitoring how raven populations in the disease-free region respond to the impending arrival of DFTD would help resolve this.
(c) Ecological implications of scavenging by mesopredators
Multiple lines of evidence suggest that feral cat populations have increased in Tasmania following devil declines [27, 58] , and the increased carrion use that we report is one potential mechanism. Similarly, higher fox abundance was found in a region of Spain without vultures, where carcasses persisted longer, suggesting a scavenging-mediated mesopredator rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181582 release, although this mechanism was not confirmed [46] . Cats are generally thought to prefer feeding on live prey but may resort to scavenging during lean periods [59, 60] . If scavenging is important for cats during periods of prey scarcity, increased scavenging may stabilize populations by preventing crashes, which in turn may impede the recovery of prey and competitors of cats. In recent years, some Tasmanian small mammals, such as the smaller eastern quoll (Dasyurus viverrinus), have become increasingly rare; cats may have contributed to this decline [27] , and high density cat populations may be preventing recovery via a 'predator pit' [61] . Despite the increase in scavenging by spotted-tailed quolls that we demonstrate and that others have inferred [31] , no study has yet demonstrated a population-level release of quolls. This potentially reflects a complex trophic relationship between cats and quolls. High dietary overlap, similar space use and similar body size of quolls and cats imply strong interspecific competition [62] . Increased cat populations [27, 58] may be preventing the competitive release of quolls from translating to a population increase. Cats are able to breed twice a year, compared to once for quolls, potentially allowing cats to increase more rapidly and outcompete quolls [58] . The lower fecundity of quolls may also result in a slower population increase, such that observable differences may not have occurred by the time of the previous studies. It is unclear how increased scavenging by quolls will affect prey species. Either, quolls may rely more on scavenged food, alleviating pressure on prey, or alternatively increased scavenging may eventually increase quoll densities, causing predation pressure to increase.
Seasonality has well-documented effects on carrion cycling [46, 63] , with more rapid carcass decomposition by microbes and invertebrates during warmer periods. Our results would probably differ during warmer months when competition between vertebrates and invertebrates/decomposers is higher. Our study was conducted in reserves to limit anthropogenic influence, and results would probably differ in more agricultural or urban landscapes. We were unable to investigate scavenging by black rats because cameras were unreliable in detecting their movements. Scavenging by invasive rodents could contribute to an increased abundance of invasive rodents, with cascading predatory impacts on smaller biodiversity [64] . Invasive rodents are more abundant in northeast Tasmania [58] , where devils have been suppressed the longest, and carrionmediated release is one potential mechanism that warrants future investigation.
Despite the staggering global declines of some specialized scavengers and large carnivores, little research has investigated the cascading effects of scavenging on food webs. To our knowledge, we report the most detailed evidence to date that declines of specialized scavengers can have cascading effects on carrion acquisition by mesopredators, representing a littlestudied mechanism for mesopredator release. Devils limit carrion acquisition by cats, a previously unexplored mechanism for mesopredator release in cats. This potentially represents a mechanism by which devils could suppress cat populations and indirectly protect small native vertebrate species, one of Australia's most pressing conservation issues [28] . Increased carcass persistence increases the risk of carcass colonization by disease-causing bacteria, which may increase the risk of infection in wildlife and livestock. Some questions remain unanswered, such as whether carrion consumption by mesopredators has cascading effects on prey species, and the implications of top carnivore decline on invertebrate scavengers, decomposition cycles and the spread of disease. In the context of a global trend of generalists replacing specialists [49] , our study further emphasizes the importance of managing specialized species that serve key ecological functions.
Ethics. This study was conducted in accordance with the University of Tasmania Animal Ethics Committee Permit A15274 and DPIPWE scientific permits TFA15245 and TFA 16161.
Data accessibility. Scavenging data are available from the Dryad Digital Repository at: https://doi.org/10.5061/dryad.6d5046c [65] . Bird survey data were used under licence and are available from BirdLife Australia.
